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GROWTH METHOD OF NITRIDE SEMICONDUCTOR LAYER AND LIGHT 
EMITTING DEVICE USING THE GROWTH METHOD 

[Technical Field] 

5 The present invention relates to development of a UV light source 

using nitride semiconductors, and more particularly, it relates to development of 
a nitride semiconductor light emitting device having a high light emission 
efficiency and a single light emission peak by using an In-rich InGaN quantum 
well layer with a thin thickness, instead of the conventional Ga-rich InGaN 
10 quantum well layer, as an active layer. 

[Background Art] 

A Ga-rich InGaN quantum well layer comprising 10% or less of InN is 
mainly used to form a UV light source using nitride semiconductors. It is 

15 known that as the light emission wavelength is reduced, the light emission 
efficiency is lowered. 

Generally, in case of a green or blue light source in the v isible light 
range using nitride semiconductors, it is possible to obtain a high light emission 
efficiency in spite of a high defect density in a thin layer due to the absence of a 

2 0 proper substrate. This is because of the formation of a local carrier energy 
level caused by phase separation and composition nonuniformity of InN in the 
InGaN quantum well layer. It is known that this effect can be increased as the 
compositional rate of InN is increased. 
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However, in case of a UV light source, the InN composition in the 
InGaN quantum well layer is smaller than that in the visible light source, the 
local carrier energy level is rarely formed and thereby, the light emission 
efficiency is lowered. Also, as compared to the green or blue light source, the 
5 difference of energy level between an InGaN quantum well layer and a capping 
layer (or barrier layer) i s small a nd thereby, the carrier confinement effect is 
reduced, causing a decrease in the light emission efficiency. 

For these reasons, it is impossible to have a high light emission 
efficiency in the conventional UV light source using a Ga-rich InGaN quantum 
10 well layer with an InN composition of 10% or less. 



[Disclosure] 
[Technical Problem] 

Accordingly, the present invention has been made to solve the 

15 above-mentioned problems occurring in the prior art, and it is an object of the 
present invention to provide a method for producing a high efficiency light 
emitting device having a emission wavelength in the UV range using an In-rich 
InGaN quantum well layer with a thin thickness as an active layer. 

Also, it is another object of the present invention to provide a method 

2 0 for growing a quantum well layer comprising an In-rich region and a region with 

an In compositional grading (or In composition gradient) and a nitride 

semiconductor light emitting device using the same. In order to provide a light 

emitting device comprising an active layer having a desired wavelength, the 
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wavelength of the active layer should be controllable or expectable. Through 
experiment and theoretical calculation, the present inventors have found that 
the PL (Photoluminescence) peak of an In-rich InGaN layer which has 
undergone sufficient growth interruption can be moved to the UV region. 
5 Based on the findings, the present invention is to provide a nitride 
semiconductor light emitting device comprising an In-rich InGaN quantum well 
layer with a controllable emission wavelength. 
[Technical Solution] 

To accomplish the above objects, according to the present invention, 
10 there is provided a growth method of nitride semiconductor layer comprising a 
first step for growing a first nitride semiconductor layer on an A^Gaylni ^N 
(0<:x<£ 1, 0<y< 1, 0<x+y< 1) layer, a second step for reducing the thickness of 

the first nitride semiconductor layer by growth interruption and a third step for 
growing a second nitride semiconductor layer having a band gap energy higher 

15 than that of the first nitride semiconductor layer on the first nitride 
semiconductor layer with the reduced thickness. 

Here, the Al x Ga y ln 1x _yN (0<x< 1, 0<y< 1, 0<x+y< 1) layer, the first 
nitride semiconductor layer, and the second nitride semiconductor layer may be 
doped with p-type or n-type impurities and the Al x Ga y lni. x , y N (0 <x< 1, 0<y< 1, 

2 0 0<x+y< 1) layer and the second nitride semiconductor layer are formed of 
preferably GaN. 

Also, according to the present invention, there is provided a nitride 
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semiconductor light emitting device comprising a substrate, at least one nitride 
semiconductor layer grown on the substrate and including an top layer of 
Al x Ga y lni_ x _yN (0<x^ 1, 0<y< 1, 0<x+y< 1), a quantum well layer grown on the 
top layer of A^Gayln^. N (0<X^1, 0<y< 1, 0<x+y<1), and an additional 
5 nitride semiconductor layer grown on the quantum well layer and having a band 
gap energy higher than that of the quantum well layer, in which the quantum 
well layer comprises an In-rich region, a first compositional grading region with 
In content increasing between the top layer of Al x Ga y lni_ x _yN (0<x< 1, 0<y< 1, 
0<x+y< 1) and the In-rich region, and a second compositional grading region 

10 with In content decreasing between the In-rich region and the additional nitride 
semiconductor layer. 

Here, the top layer of AL Ga Ini v N (0<x< 1, 0<y< 1, 0<x+y< 1), the 

y -x-y 

quantum well layer and the additional nitride semiconductor layer may be 
doped with p-type or n-type impurities. 

15 Also, according to the present invention, there is provided a nitride 

semiconductor light emitting device having a quantum well layer with a 
thickness of 2nm or less, in which the two-dimensional quantum well layer is 
formed of ln x Gai_ x N, in which x is preferably 0.2 or more in the In-rich region of 
the two-dimensional quantum well layer. When the two-dimensional quantum 

20 well layer has a thickness of 2nm or more, it is not easy to adjust the emission 
wavelength into the UV region by the carrier confinement effect. Therefore, 
the two-dimensional quantum well layer has preferably a thickness of 2nm or 
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less. 

Also, according to the present invention, there is provided a nitride 
semiconductor light emitting device wherein the additional nitride 
semiconductor is made of Al y Gai_ y N (0<y<M). Of course, the additional 

5 nitride semiconductor layer may include In. 

Also, according to the present invention, there is provided a nitride 
semiconductor light emitting device further comprising at least one barrier layer 
of Al y Gai_ y N (0< y^1) adjacent to the quantum well layer and having a band 
gap energy higher than that of the additional nitride semiconductor layer. 
10 Also, according to the present invention, there is provided a nitride 

semiconductor light emitting device wherein the quantum well layer and the 
barrier layer of Al y Gai_ y N (0<y<1) are alternately laminated to form a 
multi-quantum well structure. Preferrably, the pairs of the quantum well and 
the barrier layer of AlyGa^yN <o< y< 1) is 100 pairs or less. 

15 [Advantageous Effects] 

According to the present invention, using the growth interruption 
method, a thin and high quality In-rich InGaN quantum well layer is grown. 
Unlike the conventional UV optical device, in which a Ga-rich InGaN quantum 
well layer is used as an active layer, a thin In-rich InGaN quantum well layer 

2 0 with compositional grading is used, whereby it is possible to develop a high 
efficiency UV light source with a short wavelength, through the formation of 
local carrier energy level, carrier confinement effect and the formation of a 
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single energy level in the energy band structure. 

[Description of Drawings] 

Further objects and advantages of the invention can be more fully 
5 understood from the following detailed description taken in conjunction with the 
accompanying drawings in which: 

FIG. 1 is a flow chart for explanation of the method for growing an 
In-rich InGaN quantum well layer according to an embodiment of the present 
invention; 

10 FIG. 2 to Fig. 4 are cross-sectional views to show each step of the 

method for growing an In-rich InGaN quantum well layer according to an 
embodiment of the present invention; 

FIG. 5 to FIG. 7 are transmission electron microscope photographs 
showing the change in layers by growth interruption of In-rich InGaN/GaN 

15 quantum well structure according to an embodiment of the present invention; 

FIG. 8 is a view showing the results of MEIS (Medium Energy Ion 
Scattering) measurement and computational simulation to obtain the in 
composition distribution in the InGaN layer of the In-rich InGaN/GaN quantum 
well structure according to an embodiment of the present invention; 

20 FIG. 9 is a view showing the result of PL (Photoluminescence) 

measurement showing the change of light emission peak at various 

thicknesses of the GaN capping layer " upon the growth of the In-rich 

InGaN/GaN quantum well structure according to an embodiment of the present 

6 
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invention; 

FIG. 10 is a view showing energy levels and wave functions in the 
energy band diagram of the In-rich InGaN/GaN quantum well structure having 
compositional grading to explain the PL result of FIG. 9 according to an 
5 embodiment of the present invention, based on the result of FIG. 8; 

FIG. 1 1 is a view showing the calculation result of location of the light 
emission peak in the In-rich InGaN/GaN quantum well structure when the band 
gap energy of InN is 0.7 eV and 1.9 eV, based on the calculation result in the 
energy band diagram of FIG. 10; 
10 FIG. 12 is a view showing a light emitting device comprising a quantum 

well layer structure according to the present invention; and 

FIG. 13 is a view showing a light emitting device comprising a 
multi-quantum wells structure according to the present invention. 



15 [Mode for Invention] 

Now, the present invention is explained in further detail with reference 
to the attached drawings. The following examples may be changed into 
different forms and the present invention is not limited thereto. The examples 
are given to help those having ordinary knowledge to completely understand 

20 the present invention. In the drawings illustrating the embodiments of the 
present invention, the thicknesses of some layers or regions are magnified for 
precision of the specification and the same reference numerals indicate the 
same elements. 

7 
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FIG. 1 is a flow chart for explanation of the method for growing an 
In-rich InGaN quantum well layer according to an embodiment of the present 
invention and FIG. 2 to FIG. 4 are cross-sectional views to show the respective 
steps of the method for growing an In-rich InGaN quantum well layer according 
5 to an embodiment of the present invention. 

Referring to the step si of FIG. 1 and FIG. 2, an In-rich InGaN layer 
110 is grown on a substrate 105 mounted in a chamber (not shown) at a 
temperature higher than the g rowth temperature of a general Ga-rich InGaN 
epitaxial layer by supplying a Group III source for In and a nitrogen source. 

10 Since only the Group ill source for In and the nitrogen source are 

supplied on the GaN substrate 105, it is expected that an InN layer is formed. 
However, in practice, intermixing of atoms and defect generation occur in an 
InN layer having a thickness of 1-2 ML(monolayer) or more due to lattice 
mismatch of 10% or more between GaN an InN. As a result, the In-rich 

15 InGaN layer 110 with compositional grading and a high defect density is 
formed. 

In this embodiment, the substrate 105 is a GaN substrate comprising a 
GaN epitaxial layer 102 grown to a thickness of 1#m or more on a 

hetero-substrate 100, which is made of a different material from GaN, at a high 
2 0 temperature of 1000*0 or more by a conventional 2-step method. Here, the 
hetero-substrate 100 is for example, a Si, SiC, GaAs or sapphire (Al 2 0 3 ) 
substrate. However, the In-rich InGaN layer 110 may be grown on a single 

8 
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crystal GaN substrate 102 which is grown by HVPE without using the 
hetero-substrate 100. 

In a preferred embodiment, when the In-rich InGaN layer 110 is grown 
using a MOCVD (metalorganic chemical vapor deposition) apparatus, the 
5 substrate 105 is kept at a high temperature of 700 °C to 800 °C. Here, since 
the decomposition of the thin layer may take place due to a high equilibrium 
vapor pressure of the In-rich InGaN layer 110, a sufficient amount of the Group 
ill source and the nitrogen source are supplied so that the deposited layer can 
cover the entire substrate 105. For example, the amount of the Group III 

10 source and the nitrogen source flowing into the chamber is about 10 times of 
the amount used conventionally. If TMIn (Trimethylindium) has been 
conventionally supplied to the chamber at 30sccm to g row a bulk InN layer, 
300sccm of TMIn is supplied according to the present invention. The In-rich 
InGaN layer 110 grown using a sufficient amount of the Group III source and 

15 the nitrogen source at a high temperature has a relatively uneven surface and 
a lot of defects due to the increase of deformation energy caused by the lattice 
mismatch with the substrate 105. The In-rich InGaN layer 110 may be grown 
at 700^ or less, for example, 650°C. In this case, it should be considered that 
the defect density may be increased due to the reduction of atom mobility in the 

20 In-rich InGaN layer 110 because of the relatively low growth temperature. 

Next, referring to the step s2 of FIG. 1 and FIG. 3, growth interruption 
to intercept the supply of the Group in source is performed to convert the 
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In-rich InGaN layer 110 into a two-dimensional nitride semiconductor buffered 
layer 110a with a uniform thickness. 

Since the equilibrium vapor pressure of the nitride semiconductor is 
very high, during the growth interruption, much decomposition occurs in the 
5 In-rich InGaN layer 110. Particularly, this decomposition phenomenon takes 
place more vigorously at the protruded region (convex surface) in the In-rich 
InGaN layer 110. Through the decomposition, the movement from the surface 
of molecules, and the diffusion in the thin layer, the nitride semiconductor 
buffered layer 110a has a reduced thickness and the surface becomes flat after 

10 the growth interruption. Therefore, by properly controlling the growth 
interruption time, it is possible to obtain aflat and thin In-rich InGaN layer 110a 
having a thickness of about 1nm. The growth interruption time is set in the 
range of 60 seconds or less, depending on the desired thickness. The growth 
interruption time may vary according to the growth temperature of the In-rich 

15 InGaN layer 110, and thus, it should not be construed that the present 
invention is limited to the growth interruption time of 60 seconds or less. Yet, 
it should be considered that the defect density in the thin layer may be 
increased when the growth interruption time is increased. 

After the growth interruption step, the In-rich InGaN layer 110a has the 

20 defects considerably reduced. During the growth interruption, the growth 
interruption temperature is kept at a high temperature equal to the growth 
temperature of the In-rich InGaN layer 110. Right after the deposition, the 
In-rich InGaN layer 110 having a high defect density and a nonuniform 
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thickness turns to the In-rich InGaN buffered layer 110a having a low defect 
density and a thickness of about 1nm by the selective decompositon, the 
movement from the surface of molecules in protruded region, and the diffusion 
in the thin layer during the growth interruption. 
5 Next, according to the step s3 of FIG. 1, a nitride semiconductor 

capping layer 120 is grown on the In-rich InGaN layer 110a having a reduced 
defect density by the growth interruption at the same or higher temperature for 
application as an optical device as shown in FIG. 4. The nitride semiconductor 
capping layer 120 is grown using a material having a energy band gap greater 

10 than that of the In-rich InGaN layer 110a. In a preferred embodiment, GaN, 
AIN or AIGaN based material is appropriate for the nitride semiconductor 
capping layer 120. Here, the nitride semiconductor capping layer 120 is 
grown at a temperature equal to the growth temperature of the In-rich InGaN 
layer 110 or at a temperature higher than the growth temperature of the In-rich 

15 InGaN layer 110 for the improvement of properties. The thickness may vary 
from several nm to several tens nm, as needed. In order to shift the emission 
wavelength to the short wavelength region, a thin barrier layer having a band 
gap energy higher than that of the capping layer may be applied on one side or 
both sides of the In-rich InGaN layer. 

20 Thus, according to the present invention, by using an In-rich InGaN 

epitaxial layer having a thickness of about 1nm as an active layer on the 
substrate instead of the conventional Ga-rich InGaN epitaxial layer, it is 
possible to considerably improve the formation of local carrier energy level and 
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the carrier confinement effect in the quantum well structure. As a result, it is 
possible to produce an optica! device with an improved light emission 
efficiency. 

The present invention is explained in further detail by the following 
5 experimental examples a nd t he contents which a re not d escribed herein a re 
omitted since those skilled in the art may technically infer them. Also, the 
following examples do not intend to limit the present invention. 

The crystal growing method used for forming each thin layer in this 
example was a low-pressure MOCVD with a chamber pressure of 300 Torr and 
10 a GaN substrate comprising a GaN epitaxial layer grown to a thickness of 2jjm 

on a sapphire substrate was used as a substrate. 

As the Group Hi source and the nitrogen source, TMIn 
(Trimethylindium), TMGa (Trimethylgallium), ammonia and the like were used 
and as the carrier gas, H 2 or N 2 gas was used. 

15 First of all, the GaN substrate was heated to 1100°C and kept at that 

temperature for 5 minutes to remove surface impurities. Here, ammonia as a 
nitrogen source was flown, using H 2 gas as a carrier gas, to prevent the 
decomposition of the GaN epitaxial layer at the high temperature. 

Then, the temperature of the substrate was lowered to 730 °C to grow 

20 an In-rich InGaN quantum well layer. After the temperature was lowered to 
7301C, the carrier gas was changed to N 2 gas and TMIn and ammonia were 
supplied to grow an InN layer for 90 seconds. However, the produced InN 
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layer had nonuniform thickness and defects. Also, due to the 
atoms-intermixing phenomenon between the InN layer and the GaN substrate 
disposed below, in practice, not the InN layer but an In-rich InGaN epitaxial 
layer with compositional grading was formed. 
5 FIG. 5 is a transmission electron microscope photograph taken after an 

In-rich InGaN layer with compositional grading was grown at 730 °C and a GaN 

capping layer having a thickness of 20nm was formed at the same temperature. 
As shown in FIG. 5, when the GaN capping layer 220 was grown right after 

the high temperature In-rich InGaN layer 210 was formed on the GaN substrate 
10 205 without growth interruption, the produced high temperature In-rich InGaN 

layer 210 having a thickness of about 2.5nm showed nonuniformity in thickness 

and the GaN capping layer 220 grown thereon showed a high defect density. 

FIG. 6 is a transmission electron m icroscope photograph taken after 

the In-rich InGaN layer which has been grown at 730 °C is subjected to the 
15 growth interruption for 10 seconds by supplying only ammonia while 

intercepting the supply of TMIn and a GaN capping layer is covered thereon. 

As shown in FIG. 6, after the growth interruption, the thickness of the In-rich 

InGaN layer 210a become uniform to 1nm and the GaN capping layer 220 

grown thereon showed a remarkably reduced d efect density as compared to 
20 the case shown in FIG. 5. 

FIG. 7 is a high resolution transmission electron microscope 

photograph taken after the growth interruption for 10 seconds. As shown in 
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FIG. 6 and FIG. 7, by the growth interruption for 10 seconds, the In-rich InGaN 
layer 210a was uniform in thickness and had a smooth interface with the GaN 
capping layer 220. 

Like this, after the flat In-rich InGaN layer with a thickness of 1nm was 
5 formed through growth and growth interruption at 730 °C, the GaN capping layer 
was grown to 20nm at the same temperature for the formation of a single 
quantum well structure. Meanwhile, a specimen of a GaN capping layer with 
a thickness of 2nm was also grown for MEIS (Medium Energy Ion Scattering) 
study of In composition distribution in the InGaN layer. 

10 FIG. 8 is a view showing the "results of MEIS measurement and 

computational simulation of the In composition distribution in the In-rich 
InGaN/GaN quantum well structure having compositional grading, grown as 
described above. The MEIS method is a non-destructive method capable of 
precisely measuring the composition in a very thin layer at an atom level 

15 resolution. The computational simulation was performed using the 'SIMPLE 1 
program which is made by slightly revising the conventional ISAP (Ion 
Scattering Analysis Program) to examine the composition change according to 
the thickness of the InGaN well layer. 

On the MEIS measurement, the specimen of the GaN capping layer 

20 grown to a thickness of 2nm was used to increase sensitivity on the surface. 
As a result, it was found that the In-rich InGaN layer having a thickness of 
0.43nm was present and the In content in this layer was about 60 to 70%, 
which was within the range of 50 to 80% resulted from the theoretical 
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calculation. Also, it was found that In compositional grading was present in 
the InGaN/GaN interfaces. it was shown by the computational simulation, that 
0.12nm InGaN having an In content of 10% was present to the direction of the 
GaN capping layer, and 0.25nm InGaN having an In content of 30% was 
5 present to the direction of the GaN substrate. The total thickness of the 
InGaN layer obtained by the MEIS measurement was o.8nm which agreed with 
the result of the high resolution electron transmission image in FIG. 7. 

FIG. 9 shows photoluminescence (PL) peak spectra resulting from the 
In-rich InGaN/GaN quantum well structure having compositional grading made 
10 by the above-described method, in which PL peak in the near UV region of 
about 400nm was present regardless of the thickness of the GaN capping 
layer. 

This means that the energy level in InGaN/GaN quantum well structure 
was not affected by the change in the thickness of the capping layer. It is 
15 believed that this is because the high deformation energy caused by the high 
lattice mismatch of 10% or more was relieved by depositing InN on the GaN 
substrate. 

FIG. 10 shows the energy band diagram in ln 0 .6Ga Q . 4 N/GaN quantum 
well structure (GaN/ln 0 .iGao.9N(0.12nm)/ln 0 .6Gao.4N (0.43nm)/ln o3 Gao. 7 N 
20 (0.25nm)/GaN) with compositional grading, based on MEIS result. 

Because of difficulty in growth due to, for example, high equilibrium 
vapor pressure, the properties of InN have not been precisely informed. 
Recently, some groups that succeeded in growing an InN thin layer by 
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advancement of growth technology have reported that the band gap energy of 
InN is not 1.9 eV, as known to the art, but 0.7 eV. However, there is no report 
on the precise band gap energy of InN. Therefore, considering both cases, 
the light emission peaks in the lno. 6 Gao. 4 N/GaN quantum well structure having 
5 compositional grading when the band gap energy of InN is 0.7 eV and 1.9 eV 
were calculated. 

FIG. 11 shows that the In-rich InGaN/GaN quantum well structure 
having compositional grading can have 400nm light emission energy. For this 
calculation, the Schroedinger equation was solved using the Fourier series 

10 method calculating energy levels and wave functions in the frequency space. 
When the band gap energy of InN was 0.7 eV (1770nm) and 1.9 eV (653nm), it 
was found that by forming the In-rich InGaN/GaN quantum well structure, the 
emission peak was reduced to 442nm and 393nm, respectively. 

Of course, considering the inaccuracy in values of InN related material 

15 constants, these data are not absolute but it was proved that the emission in 
the In-rich InGaN/GaN quantum well structure having compositional grading 
could be observed in the near UV region. Also, since this structure showed 
only one energy level, a near UV light source of a single wavelength could be 
obtained 'upon application to an optical device, regardless of the number of 

20 excited carriers. 

Also, it was possible to shift the emission wavelength to the shorter 
wavelength region by forming a thin barrier layer having a band gap energy 
higher than that of the capping layer on one side or both sides of the In-rich 
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InGaN layer. For example, it was found through calculation that in case of the 
lno 6 Gao 4 N/GaN quantum well structure having compositional grading, the 
emission wavelength is shifted to 378nm by forming an AIN barrier layer of 
3nm. 

5 Up to now, the present invention is described by the example using the 

MOCVD method, however, MBE (molecular beam epitaxy) or CBE (chemical 
beam epitaxy) may be used. 

Up to now, the preferred embodiment of the present invention has 
been described. However, it is clear that various modifications can be made 
10 without departing the scope of the present invention. 

FIG. 12 is a view showing a light emitting device comprising a single 
quantum well structure according to the present invention. The light emitting 
device comprises a substrate 1, a buffer layer 2 grown on the substrate 1, an 
n-type contact layer 3 of Al x Ga y lni-%yN (0< x< 1, 0<y< 1, 0<x+y< 1) grown on 

15 the buffer layer 2, a quantum well layer 110a according to the present invention 
grown on the n-type contact layer 3, a capping layer 4 of p-type nitride 
semiconductor grown on the quantum well layer 110a, a p-type contact layer 5 
of Al x Ga y lni x yN (0<x^ 1, 0<y^ 1, 0<x+y< 1) grown on the capping layer 4, a 

light-transmittable electrode layer 6 and a p-type pad 7 formed on the p-type 
20 contact layer 5, and an n-type electrode 8 formed on the n-type contact layer 3. 
Here, the capping layer 4 and the p-type contact layer 5 may be formed of the 
same material. 
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FIG. 13 is a view showing a light emitting device comprising a 
multi-quantum wells structure according to the present invention which has a 
structure comprising the q uantum well layer 110a and the barrier layer 110b 
laminated alternately unlike FIG. 12. 
5 The light emitting device according to the present invention is not 

limited to the structures shown in FIG. 12 and FIG. 13. On the basis of the 
quantum well layer 110a, an Al x GayIni. x _yN (0<x< 1, 0<y< 1, 0<x+y< 1) layer 
disposed under the quantum well layer 110a and a capping layer disposed over 
the quantum well layer 110a, the light emitting device can be expanded to any 
10 light emitting device (such as light emitting diode and laser diode) with any 
structure that is clear to the person in the art. 
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